Abstract-The preservation of a radio quiet site for both ASKAP and SKA telescopes relies on maintaining EMC compliance of all equipment. A potential source of radio frequency interference (RFI) is from leakage of RF signals from equipment housed within the antenna structure (most notably the pedestal electronics and power systems) through the foundations.
I. INTRODUCTION
Australia and Southern Africa are selected to host the Square Kilometre Array (SKA) radio telescope. Both countries have identified SKA core sites and have stringent EMC/RFI standards to which all activity has to adhere, as in
The cost of dealing with self-generated RFI -that generated by the telescope and instrumentation, is extremely expensive both in additional processing costs and the (unquantifiable value) of unusable astronomy data. There is a potential RFI leakage path from the instrumentation housed within the antenna structure via transmission through the concrete foundation; this is also complicated by the potential for multiple reflections off the steel reinforcing bars embedded within the concrete such that the RFI could emerge anywhere within the vicinity of the dish antenna structure ..
For ASKAP, screening this potential leakage path involves installing an RFI-tight floor, with a continuous linkage from the pedestal structure and across the floor area. In reality this RFI-tight floor can only be installed after the antenna is built and the time/labour costs are high at the remote site. A better solution would be to improve the overall dish antenna design so that some of this shielding was in-built, and also to increase the shielding effectiveness of the foundations themselves.
This paper investigates one possible option for increasing the shielding properties of antenna foundations using admixtures of steel fibres within the concrete. There are also commercial products available claiming to have similar properties. Whilst we find that there is scope to improve such foundations we did not adopt this technique for ASKAP as we are confident that our antennas are well shielded as built.
II. THE MATERIAL UNDER TEST
Steel-fibre reinforced concrete is produced by simply adding bulk quantities of pre-packaged steel fibres to concrete as it is being mixed, with no other change to the process or equipment needed.
Steel-fibre reinforced concrete is becoming more widely used in construction due to its better resistance to fine cracking and to crack propagation with respect to plain concrete reinforced with conventional rebar. However it is not sufficient to be used as an EMI shielding or absorbing material.
Although there is some research in the literature on the RFI shielding properties of various materials, the characteristics of steel fibre reinforced concrete have not been thoroughly investigated [2, 3] .
For our testing purposes, four concrete slabs (see Fig. 1) were prepared. They have identical size and construction, (24mm) steel reinforcing bars on an orthogonal grid at 200mm
spacing. This is representative of the upper 150mm thickness of the ASKAP antenna foundation. Test and Materials) 04935 method [6] . This method applies to the measurement of SE of planar materials under normal incidence, far-field, plane-wave conditions. The test fixture is an enlarged circular coaxial transmission line, which has flanges for inserting the disk-shaped specimen. The disadvantage of this method is that it is only suitable for small samples.
A few researchers have proposed other measurement methods, such as 3mm wave radar reflectance measurer [3] and coaxial cable method [7] - [8] . All of these methods have certain limitation on specimen size thus specimen preparation is necessary which is time-consuming and potentially unrepresentative.
To address these problems, we present a much simpler alternative approach. We determine that the concrete slab can be tested via the WR650 waveguide horn measurement
method. The open-ended waveguide technique [9] With the sample present, the electromagnetic waves will be partially retlected, and partly transmitted across the boundary and into the material. The effectiveness of the shielding is the sum total of these two effects, plus a correction factor to account for reflections from the back surfaces of the shielding.
The test conditions for each of measurements are same, so the correction factor is unchanged. The results reflect the true value of the attenuation. In addition, the same test condition also ensures the measurement accuracy and minimizing uncertainty.
The measurement results of the concrete slabs with different fraction of steel fibre shielding are shown in Fig. 3 . 
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1.G 1.7 5 1.9 F requen cy (G Hz ) Fig. 3 Plot of the attenuation vs. frequency. The blue curves correspond to the attenuation of plain concrete slab; The red, green, magenta curves correspond to the attenuation of the concrete slab containing the steel fibre of 25 kg, 60kg, and I OOkg respectively.
As can be seen from Fig. 3 , the shielding effectiveness of plain concrete with rebar is low (less than 5 dB across the band). The attenuation increases with the steel-fibre volume fraction. There are also attenuation changes with frequency.
Up to 38dB attenuation can be achieved with [OOkg steel fibre at � [GHz. We notice that 25kg curve has different trend compare to 60kg and [OOkg, this may caused by the uneven distribution of the steel fibre in the concrete. On the whole the more steel fibre, the better attenuation can be achieved. 
VI CONCLUSIONS
We have determined a simple test method for the measurement of the shielding effectiveness of bulk materials and validate the results in comparison with past results using WR650 waveguide enclosures. We determine that the direct transmission method described here is equivalent to methods which use a waveguide enclosure as our two horns mimic the waveguide setup by being in close and direct contact. This technique thus has application to large-scale samples where destructive testing is not feasible, and/or you wish to check the properties over a large-scale piece of material.
We find that the RF insulating performance of concrete doped with increasing amounts of steel fibres is significant and that a shielding effectiveness of more than 38 dB around I GHz and 26 dB around 1.9 GHz is possible with a 3% admixture.
The measurement results demonstrate that the steel fibre reinforced concrete has excellent electromagnetic wave shielding effectiveness. The steel rebar will contribute to the shielding but this effect is small compared to that added by the steel fibre.
Application of this type of concrete to key areas of an antenna foundation for improved shielding presents a very small cost increase in materials with no significant impact on processing on the construction site.
